identified and reviewed. The reference lists of each of these papers was reviewed, and further references were identified and subsequently submitted for review. The vast majority of references found included animal data and were therefore eliminated. There were also several papers dealing with cervical interbody fusion and scoliosis. Ultimately, six papers were identified as providing Class III or better data regarding the use of bone substitutes in lumbar fusion for degenerative disease. These papers are described in Table 1 .
Scientific Rationale
Bone graft substitutes and extenders may be classified into two main categories, the first consisting of biological agents that induce the formation of bone from native tissues. The best known member of this category is rhBMP-2. Other examples of this category include other members of the BMP family and autogenous growth factor concentrates. The second class of bone substitutes comprises calcium phosphate salts of varying composition used to provide a scaffold for the growth of new bone. Members of this second category include ␤-tricalcium phosphate, hydroxyapatite, and wollanosite.
Recombinant rhBMP-2 is the best studied of all the biological agents. Three recent clinical series have described the use of this substance in humans undergoing fusion for lumbar degenerative disease. Burkus, et al., 2,3 investigated the use of rhBMP-2 as a substitute for autograft when used in combination with a titanium cage for an anterior lumbar interbody fusion. These investigators performed an RCI comparing rhBMP-2 with autograft in a group of 279 well-matched patients with lumbar degenerative disease.
2
Fusion status was assessed with both plain radiography (static and dynamic) and computerized tomography scanning studies reviewed by radiologists blinded as to bone graft material used. Clinical outcome measures used included the ODI for low-back pain, patient satisfaction, and visual analog scale scores for leg, back, and graft-site pain. Follow-up duration was at least 2 years, and the authors achieved greater than 90% follow up in both treatment groups. The authors reported significant improvements in ODI, back pain, leg pain, and patient satisfaction scores in both treatment groups. There was a slightly higher fusion rate in the rhBMP-2 group (94.5% compared with 88.7%, probability value not significant). There were advantages to the use of rhBMP-2 in terms of a slightly shorter operating room time (24 minutes) and slightly decreased blood loss (44 ml). There was also an advantage for the rhBMP-2 group in terms of donor-site pain. This study was well designed and used appropriate radiographic and clinical outcome measures. As such, it provides Class I medical evidence supporting the use of rhBMP-2 as a bone graft substitute in ALIF involving a titanium cage. The use of rhBMP-2 in this study was also associated with decreased donor-site pain and shorter operating room times.
The same group of authors performed a secondary analysis of these data and data derived from another clinical series.
3 In this second paper, the authors asserted that the rhBMP-2 was associated with higher fusion rates than autograft bone in titanuim cage-augmented ALIF. Interpretation of the data reported in this second paper must be performed with caution. Because much of the data used for this secondary analysis were derived from uncontrolled cohort studies and because this was a reanalysis of previously published data, the data used to support rhBMP-2 as superior to autograft is considered Class III medical evidence. Given the fact that a Class I study established that rhBMP-2 and autograft bone were essentially equivalent with regard to the success of fusion, the impact of this second paper is minimal. The patients in the rhBMP-2 group experienced advantages in operating time, graft-site morbidity, and blood loss.
Boden and colleagues 1 examined the role of rhBMP-2 in combination with ␤-tricalcium phosphate and HA as a bone graft substitute for PLF. They performed a pilot study involving 25 patients randomized to instrumentation-based PLF with autograft (five), instrumented PLF with rhBMP-2 plus carrier (11), or noninstrumented PLF with rhBMP-2 plus carrier (nine). Patients were followed for a mean of 17 months. Fusion was assessed with dynamic plain radiography, augmented by computerized tomography scanning in cases of uncertainty regarding fusion status. The ODI and portions of the SF-36 questionnaire were used to assess clinical outcomes. The authors reported fusion rates of 100% in both rhBMP-2 groups, compared with only 40% in the autograft group. The authors also reported improvements in functional outcome in the rhBMP-2 groups compared with the autograft group. They concluded that rhBMP-2 may be an effective alternative to autograft. Although this study was a randomized trial, there are several methodological concerns that limit the quality of its medical evidence. Its small population resulted in differences among the treatment groups. The autograft group had significantly fewer patients with education beyond high school, had a significantly larger percentage of patients with diabetes, more smokers, and more patients pursuing Workers' Compensation claims. In the autograft treatment group the fusion rate was only 40%, a much lower rate than that reported in numerous other studies. In this study, there was no significant advantage noted for the instrumented rhBMP-2 group in terms of operative time, blood loss, or hospital stay compared with the instrumented autograft group. Because of the small size of the study and the methodological concerns resulting from the small sample size, this study is considered to provide Class III medical evidence supporting the use of rhBMP-2, in combination with a carrier, in the performance of a PLF, with or without placement of instrumentation.
Other biological bone growth stimulators have been used for the treatment of lumbar degenerative disease in humans. Lowery, et al., 6 performed a retrospective review of 19 patients in whom AGF was used as a bone graft extender. Ultraconcentrated platelets derived from the patient's own blood combined with thrombin created a gel that was mixed with autograft bone (iliac crest graft in 14 and local autograft in five). Seven patients underwent 360˚ lumbar fusion procedures, eight were treated with PLF, and four underwent ALIF. All patients received supplemental pedicle screw instrumentation. All patients were considered to have successful fusion, and no graft-specific complications were identified. This study provides Class III medical evidence that the use of AGF as a graft extender is safe. Its efficacy as a graft extender has not been compared with autograft alone or other graft extenders.
